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Introduction
The use of microalgae as source of oil for biodiesel production is an issue of current general interest (Chisti, 2007; Hu et al., 2008) . Since strain selection represents the first key step towards the development of an oil production process from microalgae (Griffiths et al 2012; Rodolfi et al., 2009 ), the establishment of suitable selection criteria and appropriate experimental systems for screening are of outmost relevance.
Most of the information regarding lipid accumulation in microalgae is solely based on the lipid content and derives from studies performed in batch cultures, being highly diverse and heterogeneous with regard to both strains and experimental conditions used. Reported cellular lipid levels generally correspond to those found in the stationary phase, which is characterized by severe limitation in nutrients and light availability.Values as high as 70% of the dry biomass have been reported, although 20-50% are more common (Chisti, 2007) .
The selection of algal strains for the purpose of oil production must consider not only the lipid content (more properly, that of fatty acids) but also the biomass generation capacity, as to define the oil yield or productivity (Griffiths et al., 2012; Pruvost et al., 2011; Rodolfi et al., 2009 ). Being essential the adoption of this parameter as key criterion, care has to be taken on how it is evaluated. A reliable and precise measurement of actual lipid/fatty acid productivity can be performed in the steady state situation of a continuous culture, in which the productivity of biomass and its composition (including lipid/fatty acid content) keep stable. Nevertheless, such a situation does not apply to the batch culture, in which growth rate and biomass composition change as growth progresses.
In the present work, a screening strategy for the selection of oil-producing microalgae is derived from experimentation with ten strains, for which fatty acid Page 4 of 18 A c c e p t e d M a n u s c r i p t 3 productivity is evaluated. The continuous culture, especially operating under moderate N limitation, emerges clearly as the option of choice. The screening conditions include daylight cycle illumination, as to mimic those prevailing outdoors, in which production systems operate.
Materials and methods

Microalgae and culture conditions
The following ten microalgae were used: Chlorella fusca (SAG 211-8b), 
suecica (ICMAN, Cádiz 03-0203).
Cells were grown photoautotrophically on the medium described by Arnon et al. Measurement of photosynthetically active irradiance was carried out using a 4 quantum scalar irradiance sensor QSL-100 (Biospherical Instrument, San Diego, CA), inside the vessel (without cells).
Analytical procedures
Biomass concentration was determined by dry weight measurement. Ten mL aliquots of the cell suspension were filtered through pre-weighed filters (1.2 m or 0.45 m, depending on the cell size). Cells were washed with either distilled water or 1% ammonium formate, for freshwater or marine microalgae, respectively. The filters containing the algae were weighted after drying in an oven at 80ºC during 24 h. 
Productivity calculation
Productivity of biomass (Pb) and that of fatty acids (P FA ) were estimated in steady state situations of continuous cultures: P b = Cb*D; and P FA = Pb*X FA ; where; Cb is the concentration of biomass; D is the dilution rate; and X FA the mass fraction of fatty acid in the biomass.
Results and discussion
Batch culture
The potential of ten preselected microalgae for lipid accumulation has initially been evaluated in 7-day old batch cultures, when nitrate in the culture (10 mM at t = 0 h) was exhausted (data not shown (Table 2) .
Under moderate N limitation in continuous culture, fatty acid accumulation takes place in parallel with stable growth. The fatty acid content under these conditions was overall superior as compared to those of N sufficiency, standing out the cases of C.
oleofaciens, M. aurantiaca and P. subcapitata, with 2.5-fold higher levels in 2 mM NaNO 3 . A converse situation, with slightly lower fatty acid content in N limitation was found for M. braunii and T. suecica (Table 3) . Under the unfavorable conditions for growth of reduced N availability, modifications in photosynthetic carbon partitioning occur, leading to the accumulation of either or both, lipids or carbohydrates, the (Table 3 ). The latter microalgae had shown high fatty acid production potential in batch culture (Table 1) , being therefore preliminary considered within the most promising strains according to their performance in batch.
Notwithstanding, the actual fatty acid productivity data determined in continuous regime recommend to disregard these two species as putative oil producers. Conversely, N. oleoabundans and P. subcapitata, which were considered as of low potential according to the batch culture approach, are outstanding producers according to their actual fatty acid productivity determined in continuous regime. Altogether, these results raise serious concern on the adequacy of batch cultures for screening procedures addressed to the selection of oil producing microalgae. They should rather be based on the continuous culture approach.
Under moderate N limitation, improved levels of fatty acid productivity where obtained for C. oleofaciens P. subcapitata and S. almeriensis, since the lowered biomass productivity (Table 2) Since conditions set for the screening, including a daylight cycle illumination, are close to those in which outdoor systems operate, the oil productivity values obtained should provide valuable information to consider in the scaling up of the corresponding production process. It should be noted that since the main purpose of this work was to devise a reliable screening procedure, the operating conditions were aimed to this end but not to maximize fatty acid productivity. Further optimization of culture conditions for those highlighted microalgae species could result in improved yields.
Influence of nitrogen availability on fatty acid profile
The properties of biodiesel are largely determined by those of its component fatty acid esters (Knothe, 2005) . In general, a raw material rich in saturated and 
Conclusions
The continuous culture approach is a most appropriate methodology for the screening of microalgae for the purpose of biodiesel production, as it allows the determination of real fatty acid productivity. Ten strains have been evaluated in photochemostat, under both sufficient and limiting N availability, with higher yield of fatty acids apposite as raw material for biodiesel being found in N limitation.
Particularly high potential capacity for oil production has been established for C.
oleofaciens, P. subcapitata and S. almeriensis. The proposed continuous system for evaluating actual oil production capacity is reliable and accurate, the corresponding operating conditions -that include daylight cycle illumination-being similar to those of outdoor production systems.
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